Synthesis of tetrahydroimidazo[1,2-a]pyridines and tetrahydropyrido[1,2-a] pyrimidines by a one-pot and three component reaction of α-oxoketenedithioacetals, diamines and DMAD in water has been described. Different routes for accessing the desired compounds were examined and a few specially designed-substrates have been utilized further to afford the new imidazo and pyrido fused [1, 8] naphthyridine tetracyclic compound by S N Ar intramolecular cyclization.
Introduction
Synthetic routes for bioactive heterocycles involving environmentally benign media are attracting the interests of synthetic and medicinal chemists in recent years.
1 Among the heterocyclic compounds, bicyclic pyridines containing a ring-junction nitrogen are considered as the privileged fragments in many natural products particularly alkaloids 2 and other pharmacologically active compounds. Certain tetrahydroimidazo[1,2-a]pyridines are patented as analgesic and anti-inflammatory agents.
3 Further, many of their analogues exhibit a broad range of biological activities such as antiviral, 4 antibacterial, 5 antitumor (NSC649900, I) 6 and GABAA receptor modulators(II). 7 On the other hand, pyrido[1,2-a]pyrimidines structural motif is present in the tranquilizer pirenperone, 8 the antiallergic agent ramastine(III), 9 an antiasthmatic 10 and anti-HIV-1 agents(IV). 11 Ever since, Huang et al. 12 reported the synthesis of imidazo[1,2-a]pyridine and pyrido[1,2-a]pyrimidine derivatives using keteneaminals, the development of novel and efficient routes for rapid access to such functionalized bicyclic pyridines/pyrimidines under mild condition is of high demand.
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On the basis of the above considerations and in the context of our efforts on developing strategies towards bioactive heterocycles, 14 herein we wish to present an efficient method for synthesis of tetrahydroimidazo[1,2-a]pyridines and tetrahydropyrido[1,2-a]pyrimidines by a one-pot, three-component reaction of α-oxoketenedithioacetals, diamines and dimethyl acetylenedicarboxylate (DMAD). The synthetic utility of α-oxoketenedithioacetals as versatile intermediates in organic synthesis has been well recognized, particularly, as 1,3-bielectrophilic C 3 synthons. 15 But, to the best of our knowledge, there have been no reports on the synthetic application of α-oxoketenedithioacetals with diamino binucleophiles and DMAD to synthesize imidazo[1,2-a]pyridines, pyrido[1,2-a]pyrimidines and imidazo/pyrido fused [1, 8] naphthyridines.
Results and Discussion
Initially, the solution of three substrates, ketenedithioacetal (2 mmol), diamines (2 mmol), DMAD (2 mmol) was stirring at 100 o C. An intractable tarry mixture was obtained. On another set of conditions, the condensation product 3a of benzoyl ketenedithioacetal (1a; 2 mmol) and diaminoethane (2a/b; 2 mmol) was stirred at 0 o C with DMAD under different organic solvents such as acetonitrile, dimethylformamide (DMF), dimethylsulfoxide (DMSO) and ethanol which ends up in yielding inseparable mixture. In our successive efforts, benzoyl ketenedithioacetal (1a; 2 mmol) and diamine (2a/b; 2 mmol) was refluxed for about 4-5 h in water, then HKA 3 was isolated by normal extraction procedure using dichloromethane.
14h In the next step, the isolated HKAs were treated with DMAD followed by the addition of water (10 mL) at room temperature and stirred for only 10 minutes. After 10 min, the product was isolated and characterized either as imidazo[1,2-a]pyridines (when n = 1) or the pyrido[1,2-a]pyrimidines (n = 2) corresponding to the diamines. However as the overall reaction involves the release of obnoxious and unfavorable odors of gases like thiomethyl, the isolation process is tedious and work up of the reaction mixture needs lots of extra reagents to maintain the neutral conditions. In view of these observations, we have designed a one pot and three-component direct method as shown in Scheme 1, which generates HKAs in situ and trapped with DMAD. Using aroylketene dithioacetal 1a as the model substrate and refluxing it with the respective diamino compounds in water for 4 h, the corresponding HKAs 3a or 4a were generated and cooled at room temperature. Then DMAD was added and stirred the reaction mixtures at either 0 o C or room temperature for 5-10 minutes (monitored by TLC) to afford the products 6a or 7a.
Our various trial experiments for optimization of the yield of the bicyclic compounds were initially based on the use of different solvents and bases like triethylamine, sodium hydride and sodium tertiary butoxide with anticipation that displacement of methylthio groups from ketene dithioacetals and successive Michael addition reactions may require strong bases. However after finding satisfactory yields in presence of water without any other catalytic agents, we have performed all the experiments under aqueous medium either at ambient temperature or ice-cold conditions. The complete conversion took only 10 min under aqueous medium (Table 1, entry 10) and if the reaction was kept longer unwanted side products were found to develop in TLC (Table 1) .
With this optimized condition in hand, we next explored the generality of the reaction by employing variously substituted aroyl and heteroaryl ketene dithioacetals 1a-i ( Table 2 ). The corresponding bicyclic compounds 6b-i/7b-i were obtained in good yields (85-92%) and the structures of the newly synthesized compounds were established with the help of spectral and analytical data.
When HKA 3a-i generated in situ was directly treated with DMAD and stirring for only 10 mins yielded imidazopyridine 6a-i 16 in 85-92% yield ( Table 2 , entries 1-9). Further, HKAs 4a-i generated in situ were directly treated with DMAD for 10 min only to yield the desired pyridopyrimidines 7a-i 16 in 85-95% yield ( Table 2 , entries 10-18). A plausible mechanism of this tandem reaction is depicted in Scheme 2. The steps involved in situ generation of HKA by 1,4 addition reaction with S,S-acetals, Michael addition, intramolecular imine-enamine tautomerization (A&B), followed by cyclocondensation.
Furthermore, imidazopyridine 6h-i and pyridopyrimidine 7h-i were utilized to afford the corresponding new imidazo and pyrido fused [1, 8] naphthyridine tetracyclic compounds 8a-d via S N Ar intramolecular cyclization reaction (Scheme 3).
Heterocyclic ketene aminals with enamine moiety (HN-C=C) are found to act as ambident nucleophiles in these reactions and due to their conjugation effect of the electrondonating amino groups and the electron withdrawing substituents, the double bond is highly polarized which makes it convenient to apply in the Michael addition reactions with DMAD. Moreover among the benzoylketene N,N-acetals, ortho-halo group substituted ones broadens the scope of this reaction to diversity oriented synthesis by further intramolecular tandem annulations.
Experimental
General Procedure for the Preparation of Compound (6a-i and 7a-i).
Method A: One-pot three component: To a reaction mixture of α-oxoketenedithioacetals 1 (1 mmol) and diamino compound 2a or 2b (1.5 mmol), water (20 mL) was added and the mixture refluxed for 2-4 h. The mixture was then brought to room temperature (after TLC monitored) and DMAD (1 mmol) was added and stirred for 5-10 minutes. Some of the reaction mixtures were exothermic and vigor- ous at rt and in such cases stirring was performed at 0 CDCl 3 ) δ 19.9, 37.0, 39.2, 50.9, 90.3, 109.6, 122.5, 128.4,  135.3, 136.3, 140.2, 160.1, 167.8, 169. General Procedure for the Preparation of Compound (8a-d): 10 mL of DMF was added to the mixture of K 2 CO 3 (2 mmol) and compound 6h-i or 7h-i (2 mmol). The reaction mixture was refluxed at 80 o C for about 2 h. After the completion of the reaction, DMF was evaporated and the residue was extracted from CHCl 3 to give pure compound 8a-d as white solids, which was recrystallized from hot ethanol. 
Conclusion
In summary, a facile synthesis of tetrahydropyridopyrimidines and tetrahydroimidazopyridines by one-pot, threecomponent tandem annulation from readily accessible α-oxoketene S,S-acetals has been described. Consequently, a library of bicyclic pyridine derivatives with nitrogen at ring junction was constructed from readily available starting materials under mild and environmentally benign reaction conditions. The strategy involves the formation of three new C-N bonds and one C-C bond leading to the formation of two heterocyclic systems. On further reaction, the orthochlorine substituted bicyclic products give rise to novel tetracyclic compounds.
